ANTARES is currently the largest neutrino telescope operating in the Northern Hemisphere, aiming at the detection of high-energy neutrinos from astrophysical sources. By design, neutrino telescopes constantly monitor at least one complete hemisphere of the sky and are thus well set to detect neutrinos produced in transient astrophysical sources. The flux of high-energy neutrinos from transient sources is expected to be lower than the one expected from steady sources, but the background originating from interactions of charged cosmic rays in the Earth's atmosphere can be drastically reduced by requiring a directional and temporal coincidence of the astrophysical phenomenon detected by a satellite. The time-dependent point-source search has been applied to a list of 34 x-ray binary systems while observed in high flaring activities in the 2008-2012 satellite data, RXTE/ASM, MAXI and Swift/BAT. The results of this search are presented together with the comparison between the neutrino flux upper-limits with the measured gamma-ray spectral energy distribution and the prediction from astrophysical models.
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Introduction
Neutrinos are unique messengers for studying the high-energy Universe as they are neutral, stable, interact weakly, and travel directly from their sources without absorption or deflection. Therefore, the reconstruction of the arrival directions of cosmic neutrinos would allow both the sources of the cosmic rays -supernova remnant shocks, active galactic nuclei jets, x-ray binary jets, gamma-ray bursts, etc. [1] -and the relevant acceleration mechanisms acting within them to be identified.
X-ray binaries (XRB) are a class of binary stars that are luminous in x-rays. The x-rays are produced by matter falling from the donor (usually a relatively normal star), to the accretor, which is compact: a white dwarf, neutron star (NS), or black hole (BH). These systems are usually classified as low-mass x-ray binary (LMXB) and high-mass x-ray binary (HMXB), depending on the mass of the donor. In very few cases, the presence of relativistic jets has been confirmed by radio measurements. The jet signature may be present in all the XRB sources. However, the composition of the jets is still unknown. Their spectral energy distribution can be described by two components: a low-energy one from radio to X-rays and a high-energy one from X-rays to very high-energy gamma rays. The non-thermal emission is probably dominated by leptonic processes of accelerated eletrons but a hadronic component could also be present. In hadronic models, associated with the very high-energy gamma rays from π 0 decays, the decay of the charged pions gives rise to a correlated neutrino emission. Up to now, in only three cases, a hadronic component has been identified by spectroscopy (detection of iron or nikel lines) [2, 3] . Several authors have estimated the flux of high-energy neutrino coming from XRB, resulting in very different shapes and normalisations [4, 5, 6] . To cover the majority of the range allowed by the models accessible to the ANTARES sensitivity , three neutrino-energy spectra are tested in this analysis: E −2 , E −2 exp(−E/100 TeV) and E −2 exp(−E/10 TeV), where E is the neutrino energy.
In the ANTARES telescope [7] , events are primarily detected underwater by observing the Cherenkov light induced by relativistic muons in the darkness of the deep sea. Owing to their low interaction probablility, only neutrinos have the ability to cross the Earth. Therefore, an upgoing muon is an unambiguous signature of a neutrino interaction close to the detector. To distinguish astrophysical neutrino events from background events (muons and neutrinos) generated in the atmosphere, energy and direction reconstructions have been used in several searches [8] [9] . To improve the signal-to-noise discrimination, the arrival time information can be used, significantly reducing the effective background [10] .
In this paper, the results of a time-dependent search for cosmic neutrino sources using the ANTARES data taken from 2008 to 2012 is presented. This extends a previous ANTARES analysis [11] where only five sources and the first three years were considered. The analysis is applied to a list of promising x-ray binaries candidates detected by various satellites such as Swift, RXTE, MAXI and Fermi. Section 2 and 3 present the algorithms to identify the outburst periods and the statistical method adopted for this analysis, respectively. Section 4 summarised the results of this search. Conclusions are drawn in Section 5.
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Selection of outburst periods
The time-dependent analysis described in the following section is applied to a list of x-ray binaries exhibiting outburst periods in their light-curves. The light curves are obtained mainly using the Swift/BAT telescope 1 . These data are complemented by the data from others instruments: RXTE/ASM 2 , MAXI 3 and Fermi/GBM 4 . A maximum likelihood block (MLB) algorithm [12] is used to remove noise from the light curve by iterating over the data points and selecting periods during which data are consistent with a constant flux within statistical errors. This algorithm is applied independently to all the light curves from all the satellites. Depending on the time period and the avaliability of the different instruments, the outbursts are more defined in one sample compare to the others. As the energy range and the sensitivity of these telescopes are different, it is not easy to merge the flares of each sources. The value of the steady state (i.e. baseline, BL) and its fluctuation (σ BL ) are determined with a Gaussian fit of the lower part of the distribution of the flux data points. The baseline is removed from the light curve and the amplitude is converted to a relative amplitude using the sigma of the baseline fluctuations. Finally, the relative light curves from different instruments are merged.
The flaring periods are defined in three main steps. Firstly, seeds are identified by searching for points with an amplitude, or blocks with a fluence above BL + 8σ BL . Then, each period is extended forward and backward up to an emission compatible with BL + 1σ BL . An additional delay of 0.5 days is added before and after the flare in order to take into account that the precise time of the flare is not known (one-day binned light curve). Finally, spurious flares are discarded if they are not visible by at least one other intrument. The final list includes 34 x-ray binaries: 1 HMXB (BH), 12 HMXB (NS), 8 HMXB (BH candidate), 10 LMXB (NS), 3 XRB (BH candidate). The main characteristics of these XRB are reported in Table 1 .
Time-dependent analysis
The ANTARES data collected between 2008 and 2012, corresponding to 1044 days of livetime, are analysed to search for neutrino events around the selected sources, in coincidence with the time periods defined in the previous section. The statistical method adopted to infer the presence of a signal on top of the atmospheric neutrino background, or alternatively set upper limits on the neutrino flux is an unbinned method based on a likelihood ratio test statistic. The likelihood, L , is defined as:
where S i and B i are the probabilities for signal and background for an event i, respectively, N S (unknown) and N B (known) are the number of expected signal and background event in the data sample. To discriminate the signal-like events from the background ones, these probabilities are
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X-ray binaries with the ANTARES Damien Dornic where S space is a parameterisation of the point spread function, i.e., S space (Ψ i (α s , δ s )) the probability to reconstruct an event i at an angular distance Ψ i from the true source location (α s ,δ s ). The energy PDF S energy is parametrised with the normalised distribution of the muon energy estimator, dE/dX, of an event according to the studied energy spectrum. The shape of the time PDF, S time , for the signal event is extracted directly from the gamma-ray light curve assuming the proportionality between the gamma-ray and the neutrino fluxes. A possible lag of up to ±5 days has been introduced in the likelihood to allow for small lags in the proportionality. This corresponds to a possible shift of the entire time PDF. The lag parameter is fitted in the likelihood maximisation together with the number of fitted signal events in the data. The background probability for an event i is:
where the directional PDF B space , the energy PDF B energy and the time PDF B time for the background are derived from data using, respectively, the observed declination distribution of selected events in the sample, the measured distribution of the energy estimator, and the observed time distribution of all the reconstructed muons. The goal of the unbinned search is to determine, in a given direction in the sky and at a given time, the relative contribution of each component, and to calculate the probability to have a signal above a given background model. This is done via the test statistic, λ , defined as the ratio of the probability for the hypothesis of background and signal (H sig+bkg ) over the probability of only background (H bkg ):
where N is the total number of events in the considered data sample and x i are the observed event properties (δ i , RA i , dE/dX i and t i ). The evaluation of the test statistic is performed by generating pseudo-experiments simulating background and signal in a 30 • cone around the considered source according to the background-only and background plus signal hypotheses. The performance of the time-dependent analysis is computed with a toy experiment with a source assuming a squareshaped flare with a varying width assuming a flat background period. For time ranges characteristic of flaring activity, the time-dependent search presented here improves the discovery potential by on-average a factor 2-3 with respect to a standard time-integrated point-source search [8] under the assumption that the neutrino emission is correlated with the gamma-ray flaring activity.
Results
The results of the search is summarised in Table 2 . Only two sources, GX1+4 and IGRJ17091-3624, have a pre-trial p-value lower than 10%. The lowest p-value, 4.1%, is obtained for GX1+4 where one (three) event is coincident in a cone of 1(3) degres with large outbursts detected by Fermi/LAT. Figure 1 shows the light curve of GX 1+4 with the time of the neutrino events, the estimated energy distribution, and the angular distribution of the events around the position of this source. The post-trial probability, computed by taking into account the 34 searches, is 72%, and is thus compatible with background fluctuations.
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X-ray binaries with the ANTARES Damien Dornic Table 2 : Results of the search for neutrinos in coincidence with XRB outbursts. The total duration of all identified flares ∆t, the optimised Λ opt cuts, the number of required events for a 3σ discovery (N 3σ ) pre-trial, the number of fitted signal events by the likelihood (N f it ), the fitted time lag (Lag) and the corresponding pre-trial (post-trial) probability are given together with the energy spectra.
Source ∆t Λ opt N 3σ N f it Lag P-value Post-trial Spectrum In the absence of a discovery, upper limits on the neutrino fluence, F ν , at 90% confidence level are computed using 5-95% of the energy range and the total effective flare duration. The limits are calculated according to the classical (frequentist) method for upper limits [13] . Figure 2 displays these upper limits. Systematic uncertainties of 15% on the angular resolution and 15% on the detector acceptance have beenincluded in the upper limit calculations.
The neutrino flux prediction for five microquasars have been computed according to the model [4] PoS ( using the latest measurements of the distance and of the jet parameters of the microquasars. Figure 3 (left) displays these predictions togethers with the upper limits computed for this analysis. For Cir X-1, the prediction is less than a factor 2 bellow the ANTARES upper limit. In Ref. [14] , the authors have provided a calculation of the high-energy neutrino emission from GX339-4 in the hypothesis that the primary spectrum of the injected particles in the jets has spectral indexes = -1.8; -2.0 and that the ratio between proton and electron energy is equal to 1 and 100, respectively (Figure 3 (middle) ). The model with a ratio equal to 100 is excluded by the present limit. Finally, Figure 3 (right) shows the comparison between the neutrino flux expectations from Cyg X-3 provided by [15] and [16] and the computed upper limits. The upper limit does not allow to constrain these types of models.
Conclusion
This paper discusses the time-dependent search for cosmic neutrinos from x-ray binaries using the data taken with the full ANTARES detector between 2008 and 2012. These searches have been applied to a list of 34 XRB sources. The searches did not result in a statistically significant excess above the expected background from atmospheric neutrino and muon events. The most significant correlation was found for the source GX 1+4 for which few neutrino events was detected in time/spatial coincidence with the x-ray emission. However, the post-trial probability is of 72%, thus compatible with the background fluctuations. The comparison with predictions from several models have shown that for some sources, the upper limits are closed from the expectations. Therefore, with additional data from ANTARES and with the order of magnitude sensitivity improvement expected from the next generation neutrino telescope, KM3NeT 5 , the prospects for future searches for neutrino emission from x-ray binaries are very promising.
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X-ray binaries with the ANTARES Damien Dornic TeV, compared to the prediction by the authors of Ref. [14] for a spectral index of the injected particles −1.8 < α < −2.0 and the ratio n p =n e equal to 1 and 100, respectively. Right: Upper limits on the neutrino flux for Cyg X-3 in both the hypotheses without and with the cutoff at 100 TeV, compared to the predictions by Ref. [15] and [16] .
